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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In Re Application of: Jung, et al. 

Serial No.: 09/ 

Filed: My 12, 2001 

For: APPARATUS AND METHOD FOR 
MEASURING OPTICAL 
CHARACTERISTICS OF TEETH 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

PRFJ .TMTNARY AMENDMENT 

Sir: 

Please examine the above-identified appUcation in view of the following amendment and 
remarks. 

IN THE SPECIFICATION: 

On page 1, after the title please insert as a new paragraph: -This is a continuation of U.S. 
application Serial No. 08/909,664, filed August 12, 1997.-- 

IN THE CLAIMS: 

Please delete claims 1 and 2 without prejudice. 
Please add the following new claims. 



Examiner: 
Art Unit: 
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NEW CLAIMS AND CLAIMS PENDING AFTER THIS AMENDMENT 

3 . A method of determining the optical characteristics of a dental obj ect, comprising 
the steps of: 

positioning a probe in proximity to the dental object; 

taking a plurality of optical characteristics measurements of the dental object with a color 
measurement system, wherein Hght received by the probe from the dental object is coupled to the 
color measurement system, wherein the color measurement system includes at least a processor 
and a memory; 

storing data resulting from the plurality of optical characteristics measurements in the 
memory; 

analyzing the stored data resulting from the plurality of optical characteristics 
measurements with the processor, wherein the processor malyzes whether the probe was moved 
with respect to the dental object between one or more of the plurality of optical characteristics 
measurements; and 

based on the analysis of whether the probe was moved with respect to the dental object, 
selectively generating optical characteristics data representative of the optical characteristics of 
the dental object or rejecting the plurality of optical characteristics measurements. 

4. The method of claim 3 , wherein the processor analyzes whether probe was held 
perpendicular to the dental object. 

5 . The method of claim 3 , wherem the processor analyzes whether the probe was 
moved in an angularly or laterally with respect to the dental object. 

6. The method of claim 3, wherein the method further comprises the step of taking a 
measurement of a calibration standard. 

7. The method of claim 3, wherein the color measurement system measures hght 
returned from the dental object in a plurality of specfral bands. 

8. The method of claim 3, wherein the color measurement system operates with 
audio feedback, wherein the audio feedback guides a user's operation of the color measurement 
system. 

9. The method of claim 3, wherein the optical characteristics data are stored in a 
database, wherein the optical characteristics data are generated a plurality of times for a plurahty 
of dental objects to generate a plurality of optical characteristics database records. 



1 0. The method of claim 9, wherein the database records are associated with 
particular patients. 

1 1 . The method of claim 9, wherein the database records store pictures of the dental 

objects, 

12. The method of claim 1 1 , wherein the pictures of the dental objects comprise 
images of the dental objects captured with a camera. 

13. The method of claim 3, wherein the optical characteristics data are generated a 
pluraUty of times for the dental object, wherein a database stores a historical record of the optical 
characteristics of the dental object. 

14. The method of claim 3, wherein a second dental object is produced based on the 
optical characteristics data. 

1 5 . The method of claim 1 4, wherein optical characteristics of the second dental 
object are determined prior to installation of the second dental object in a patient's mouth. 

16. The method of claim 15, wherein the optical characteristics of the second dental 
object are determined with the color measurement system or a second color measurement system. 

17. The method of claim 15, wherein the optical characteristics of the second dental 
object are determined at a location where the second dental object is produced. 

18. The method of claim 17, wherein the optical characteristics of the second dental 
object are determined with a second color measurement system. 

1 9. The method of claim 15, wherein the optical characteristics of the second dental 
object are determined at a location wherein the second dental object is to be installed in the 
patient's mouth. 

20. The method of claim 19, wherein the optical characteristics of the second dental 
object are determined with the color measurement system. 

21. The method of claim 14, wherein the second dental object comprises a denture, a 
dental prosthesis, a filling, a tooth-colored filling, or a composite filling. 

22. The method of claim 14, wherein the second dental object is produced based on a 
porcelain recipe determined in accordance with the optical characteristics data. 

23 . The method of claim 3, wherein the optical characteristics data are electronically 
transmitted to a remote location, wherein a second object is produced at the remote location 
based on the transmitted optical characteristics data. 



24. The method of claim 23, wherein the electronic transmission comprises a modem 
transmission. 

25. The method of claim 23, wherein the electronic transmission includes a 
transmission of a picture of the dental object. 

26. The method of claim 25, wherein the picture of the dental object comprises an 
image of the dental object captured with a camera. 

27. The method of claim 3, wherein the optical characteristics data are stored in a 
database, wherein the database includes date and time information associated with the optical 
characteristics data. 

28 . The method of claim 3 , wherein the optical characteristics data are stored in a 
database, wherein optical characteristics data indicative of the optical characteristics are 
generated a plurality of times, including at least once for a plurahty of regions of the dental 
object. 

29. The method of claim 28, wherein the database stores sectoring information with 

the optical characteristics data. 

30. The method of claim 29, wherein the database stores information corresponding to 
a pictorial representation of the dental object that includes sector grid lines. 

3 1 . The method of claim 3 , wherein a material mixing unit receives the optical 
characteristics data, wherein the material mixing unit prepares constituent materials for a second 
dental object based on the optical characteristics data. 

32. The method of claim 3, wherein a camera captures an image of the dental object, 
wherein the camera comprises an intraoral camera. 

33. The method of claim 3, wherein a camera captures an image of the dental object, 
wherein the camera comprises a video camera. 

34. The method of claim 3, wherein the optical characteristics data are output in the 
form of a closest match or matches to one or a plurality of sets of stored shade guide values. 

35. The method of claim 3, wherein the memory stores data corresponding to a 
plurality of shade guide systems, each of the plurality of shade guide systems having a plurality 
of shade guide values, wherein the optical characteristics data are output in the form of a closest 
match or matches to one or more of the shade guide values in the plurality of shade guide 
systems. 



36. The method of claim 35, wherein the optical characteristics data are output in the 
form of the closest match to one of the shade guide values in the plurality of shade guide 
systems. 

37. The method of claim 3, wherein the optical characteristics data are used to 
electronically output a proposed recipe of materials for preparing a second dental object. 

38. The method of claim 37, wherein the optical characteristics data are used to 
electronically output a proposed recipe of materials and instruction information for preparing a 
second dental object. 

39. The method of claim 3, wherein the optical characteristics data are output in the 
form of one or more sets of color tri-stimulus values. 

40. The method of claim 3, wherein an image of the dental object is displayed, 
wherein data indicative of the color of the dental object in one or more particular regions of the 
plurahty of regions are displayed in an overlaid manner over the one or more particular regions. 

4 1 . The method of claim 3 , further comprising the steps of: 

removably securing a contamination-prevention implement to the probe, wherein light is 
provided to the dental object through the implement, wherein light received from the dental 
object is coupled to the color measurement system through the hole in the implement, wherein 
the implement is adapted to prevent the probe from contacting the dental object and serves to 
reduce a risk of contamination; and 

taking at least one optical characteristic measurement of a calibration standard with the 
implement removably secured to the probe, wherein the at least one optical characteristic 
measurement of the calibration standard serves to calibrate out possible distortion introduced by 
the implement. 

42. A method of determining the optical characteristics of a dental object, comprising 
the steps of: 

positioning a probe in proximity to the dental object; 

taking a plurality of optical characteristics measurements of the dental object with a color 
measurement system, wherein Ught received by the probe from the dental object is coupled to the 
color measxarement system, wherein the color measurement system includes at least a processor 
and a memory; 



storing data resulting from the plurality of optical characteristics measurements in the 
memory; 

defining an acceptance range for values resulting from the optical characteristics 
measurements; 

analyzing the stored data resulting from the plurality of optical characteristics 
measurements with the processor, wherein the processor produces measurement values from the 
stored data and analyzes whether the values resulting from the optical characteristics 
measurements are within the acceptance range; and 

based on the analysis of whether the values resulting from the optical characteristics 
measurements are within the acceptance range, selectively generating optical characteristics data 
representative of the optical characteristics of the dental object or rejecting the plurahty of optical 
characteristics measurements. 

43 . The method of claim 42, wherein the processor analyzes whether probe was held 
perpendicular to the dental object. 

44. The method of claim 42, wherein the processor analyzes whether the probe was 
moved in an angularly or laterally with respect to the dental object. 

45 . The method of claim 42, wherein the method fiirther comprises the step of taking 
a measurement of a calibration standard. 

46. The method of claim 42, wherein the color measurement system measures light 
returned from the dental object in a plurahty of spectral bands. 

47. The method of claim 42, wherein the color measurement system operates with 
audio feedback, wherein the audio feedback guides a user's operation of the color measurement 
system. 

48. The method of claim 42, wherein the optical characteristics data are stored in a 
database, wherein the optical characteristics data are generated a plurality of times for a plurality 
of dental objects to generate a plurality of optical characteristics database records. 

49. The method of claim 48, wherein the database records are associated with 
particular patients. 

50. The method of claim 48, wherein the database records store pictures of the dental 

objects. 
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5 1 . The method of claim 50, wherein the pictures of the dental objects comprise 
images of the dental objects captured with a camera. 

52. The method of claim 42, wherein the optical characteristics data are generated a 
plurahty of times for the dental object, wherein a database stores a historical record of the optical 
characteristics of the dental object. 

53. The method of claim 42, wherein a second dental object is produced based on the 
optical characteristics data. 

54. The method of claim 53, wherein optical characteristics of the second dental 
object are determined prior to installation of the second dental object in a patient's mouth, 

55. The method of claim 54, wherein the optical characteristics of the second dental 
object are determined with the color measurement system or a second color measurement system. 

56. The method of claim 54, wherein the optical characteristics of the second dental 
object are determined at a location where the second dental object is produced. 

57. The method of claim 56, wherein the optical characteristics of the second dental 
object are determined with a second color measurement system. 

58. The method of claim 54, wherein the optical characteristics of the second dental 
object are determined at a location wherein the second dental object is to be installed in the 
patient's mouth. 

59. The method of claim 58, wherein the optical characteristics of the second dental 
object are determined with the color measurement system. 

60. The method of claim 53, wherein the second dental object comprises a denture, a 
dental prosthesis, a filling, a tooth-colored filling or a composite filling. 

61. The method of claim 53, wherein the second dental object is produced based on a 
porcelain recipe determined in accordance with the optical characteristics data. 

62. The method of claim 42, wherein the optical characteristics data are electronically 
transmitted to a remote location, wherein a second object is produced at the remote location 
based on the transmitted optical characteristics data. 

63. The method of claim 62, wherein the electronic transmission comprises a modem 
transmission. 

64. The method of claim 62, wherein the electronic transmission includes a 
transmission of a picture of the dental object. 
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65. The method of claim 64, wherein the picture of the dental object comprises an 
image of the dental object captured with a camera. 

66. The method of claim 42, wherein the optical characteristics data are stored in a 
database, wherein the database includes date and time information associated with the optical 
characteristics data. 

67. The method of claim 42, wherein the optical characteristics data are stored in a 
database, wherein optical characteristics data indicative of the optical characteristics are 
generated a plurality of times, including at least once for a plurality of regions of the dental 
object. 

68. The method of claim 67, wherein the database stores sectoring information with 
the optical characteristics data. 

69. The method of claim 68, wherein the database stores information corresponding to 
a pictorial representation of the dental object that includes sector grid lines. 

70. The method of claim 42, wherein a material mixing unit receives the optical 
characteristics data, wherein the material mixing unit prepares constituent materials for a second 
dental object based on the optical characteristics data. 

71 . The method of claim 42, wherein a camera captures an image of the dental object, 
wherein the camera comprises an intraoral camera. 

72. The method of claim 42, wherein a camera captures an image of the dental object, 
wherein the camera comprises a video camera. 

73. The method of claim 42, wherein the optical characteristics data are output in the 
form of a closest match or matches to one or a plurality of sets of stored shade guide values. 

74. The method of claim 42, wherein the memory stores data corresponding to a 
plurality of shade guide systems, each of the plurality of shade guide systems having a plurahty 
of shade guide values, wherein the optical characteristics data are output in the form of a closest 
match or matches to one or more of the shade guide values in the plurahty of shade guide 
systems. 

75. The method of claim 74, wherein the optical characteristics data are output in the 
form of the closest match to one of the shade guide values in the plurahty of shade guide 
systems. 
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76. The method of claim 42, wherein the optical characteristics data are used to 
electronically output a proposed recipe of materials for preparing a second dental object. 

77. The method of claim 76, wherein the optical characteristics data are used to 
electronically output a proposed recipe of materials and instruction information for preparing a 
second dental object. 

78. The method of claim 42, wherein the optical characteristics data are output in the 
form of one or more sets of color tri-stimulus values. 

79. The method of claim 42, wherein an image of the dental object is displayed, 
wherein data indicative of the color of the dental object in one or more particular regions of the 
plurality of regions are displayed in an overlaid manner over the one or more particular regions. 

80. The method of claim 42, further comprising the steps of: 

removably securing a contamination-prevention implement to the probe, wherein light is 
provided to the dental object through the implement, wherein light received from the dental 
object is coupled to the color measurement system through the hole in the implement, wherein 
the implement is adapted to prevent the probe from contacting the dental object and serves to 
reduce a risk of contamination; and 

taking at least one optical characteristic measurement of a calibration standard with the 
implement removably secured to the probe, wherein the at least one optical characteristic 
measurement of the calibration standard serves to calibrate out possible distortion introduced by 
the implement. 

81. A method of determining the optical characteristics of a dental object with a 
probe, a color measurement system, and a removably securable contamination-prevention 
implement adapted for the probe, wherein the color measurement system includes at least a 
processor and a memory, the method comprising the steps of: 

removably securing the contamination-prevention implement to the probe, wherein hght 
is provided to the dental object through the implement, wherein Ught received from the dental 
object is coupled to the color measurement system through the hole in the implement, wherein 
the implement is adapted to prevent the probe from contacting the dental object and serves to 
reduce a risk of contamination; 

taking at least one optical characteristic measurement of a calibration standard with the 
implement removably secured to the probe, wherein the at least one optical characteristic 



measurement of the calibration standard serves to calibrate out possible distortion introduced by 
the implement; 

positioning the probe in proximity to the dental object, wherein the implement remains 
removably secured to the probe; 

taking a plurality of optical characteristics measurements of the dental object with the 
color measurement system; 

storing data resulting from the plurality of optical characteristics measurements in the 
memory; 

defining an acceptance range for values resulting from the optical characteristics 
measurements; 

analyzing the stored data resulting from the plurality of optical characteristics 
measurements with the processor, wherein the processor produces measurement values from the 
stored data and analyzes whether the values resulting from the optical characteristics 
measurements are within the acceptance range; and 

based on the analysis of whether the values resulting from the optical characteristics 
measurements are within the acceptance range, and based on the at least one optical characteristic 
measurement of a calibration standard, selectively generating optical characteristics data 
representative of the optical characteristics of the dental object or rejecting the plurality of optical 
characteristics measurements. 

82. The method of claim 8 1 , wherein the processor analyzes whether probe was held 
perpendicular to the dental object. 

83 . The method of claim 8 1 , wherein the processor analyzes whether the probe was 
moved in an angularly or laterally with respect to the dental object. 

84. The method of claim 8 1 , wherein the method further comprises the step of taking 
a measurement of a calibration standard. 

85 . The method of claim 8 1 , wherein the color measurement system measures light 
returned from the dental object in a plurahty of spectral bands. 

86. The method of claim 8 1 , wherein the color measurement system operates with 
audio feedback, wherein the audio feedback guides a user's operation of the color measurement 
system. 

10 



87. The method of claim 81, wherein the optical characteristics data are stored in a 
database, wherein the optical characteristics data are generated a plurahty of times for a plurality 
of dental objects to generate a plurality of optical characteristics database records. 

88. The method of claim 87, wherein the database records are associated with 
particular patients. 

89. The method of claim 87, wherein the database records store pictures of the dental 

objects. 

90. The method of claim 89, wherein the pictures of the dental objects comprise 
images of the dental objects captured with a camera. 

9 1 . The method of claim 8 1 , wherein the optical characteristics data are generated a 
plurality of times for the dental object, wherein a database stores a historical record of the optical 
characteristics of the dental object. 

92. The method of claim 81 , wherein a second dental object is produced based on the 
optical characteristics data. 

93. The method of claim 92, wherein optical characteristics of the second dental 
object are determined prior to installation of the second dental object in a patient's mouth. 

94. The method of claim 93, wherein the optical characteristics of the second dental 
object are determined with the color measurement system or a second color measurement system. 

95. The method of claim 93, wherein the optical characteristics of the second dental 
object are determined at a location where the second dental object is produced. 

96. The method of claim 95, wherein the optical characteristics of the second dental 
object are determined with a second color measurement system. 

97. The method of claim 93, wherein the optical characteristics of the second dental 
object are determined at a location wherein the second dental object is to be installed in the 
patient's mouth. 

98. The method of claim 97, wherein the optical characteristics of the second dental 
object are determined with the color measurement system. 

99. The method of claim 92, wherein the second dental object comprises a denture, a 
dental prosthesis, a filling, a tooth-colored filling or a composite filling. 

1 00. The method of claim 92, wherein the second dental object is produced based on a 
porcelain recipe determined in accordance with the optical characteristics data. 
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101. The method of claim 8 1 , wherein the optical characteristics data are electronically 
transmitted to a remote location, wherein a second object is produced at the remote location 
based on the transmitted optical characteristics data. 

102. The method of claim 101, wherein the electronic transmission comprises a 
modem transmission. 

103. The method of claim 101, wherein the electronic transmission includes a 
transmission of a picture of the dental object. 

104. The method of claim 103, wherein the picture of the dental object comprises an 
image of the dental object captured with a camera. 

105. The method of claim 81, wherein the optical characteristics data are stored in a 
database, wherein the database includes date and time information associated with the optical 
characteristics data. 

1 06. The method of claim 8 1 , wherein the optical characteristics data are stored in a 
database, wherein optical characteristics data indicative of the optical characteristics are 
generated a plurality of times, including at least once for a plurality of regions of the dental 
object. 

107. The method of claim 106, wherein the database stores sectoring information with 
the optical characteristics data. 

108. The method of claim 107, wherein the database stores information corresponding 
to a pictorial representation of the dental object that includes sector grid lines. 

1 09. The method of claim 8 1 , wherein a material mixing unit receives the optical 
characteristics data, wherein the material mixing unit prepares constituent materials for a second 
dental object based on the optical characteristics data. 

110. The method of claim 8 1 , wherein a camera captures an image of the dental object, 
wherein the camera comprises an intraoral camera. 

111. The method of claim 81, wherein a camera captures an image of the dental object, 
wherein the camera comprises a video camera. 

1 12. The method of claim 81, wherein the optical characteristics data are output in the 
form of a closest match or matches to one or a plurality of sets of stored shade guide values. 

113. The method of claim 8 1 , wherein the memory stores data corresponding to a 
plurality of shade guide systems, each of the plurality of shade guide systems having a plurahty 
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of shade guide values, wherein the optical characteristics data are output in the form of a closest 
match or matches to one or more of the shade guide values in the plurahty of shade guide 
systems. 

1 14. The method of claim 113, wherein the optical characteristics data are output in the 
form of the closest match to one of the shade guide values in the plurality of shade guide 
systems. 

115. The method of claim 8 1 , wherein the optical characteristics data are used to 
electronically output a proposed recipe of materials for preparing a second dental object. 

116. The method of claim 115, wherein the optical characteristics data are used to 
electronically output a proposed recipe of materials and instruction information for preparing a 
second dental object. 

1 17. The method of claim 81, wherein the optical characteristics data are output in the 
form of one or more sets of color tri-stimulus values. 

118. The method of claim 81, wherein an image of the dental object is displayed, 
wherein data indicative of the color of the dental object in one or more particular regions of the 
plurahty of regions are displayed in an overlaid manner over the one or more particular regions. 
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REMARKS 

Claims 1-2 were in the application and have been deleted. New claims 3-118 have been 
added by this amendment. 

For the convenience of the Examiner, AppUcant notes that there are three sets of claims, 
3-41 , 42-80, and 81-118; claims 3, 42 and 81 are independent, and the sets of dependent claim 
basically are the same. As with the parent application, Applicant submits that such claims 
patentably distinguish over the prior art of record. 

For example, independent claim 3 recites, among other elements, taking a plurahty of 
optical characteristics measurements of the dental object with a color measurement system, 
analyzing the stored data resulting from the plurality of optical characteristics measurements with 
the processor, wherein the processor analyzes whether the probe was moved with respect to the 
dental object between one or more of the plurality of optical characteristics measurements, and 
based on the analysis of whether the probe was moved with respect to the dental object, 
selectively generating output data representative of the optical characteristics of the dental object 
or rejecting the plurality of optical characteristics measurements. 

For example, independent claim 42 recites, among other elements, taking a plurality of 
optical characteristics measurements of the dental object with a color measurement system, 
defining an acceptance range for values resulting from the optical characteristics measurements, 
analyzing the stored data resulting from the plurahty of optical characteristics measurements with 
the processor, wherein the processor produces measurement values from the stored data and 
analyzes whether the values resulting from the optical characteristics measurements are within 
the acceptance range, and based on the analysis of whether the values resulting from the optical 
characteristics measurements are within the acceptance range, selectively generating output data 
representative of the optical characteristics of the dental object or rejecting the plurahty of optical 
characteristics measurements. 

For example, independent claim 81 recites, among other elements, a method of 
determining the optical characteristics of a dental object with a probe, a color measurement 
system, and a removably securable contamination-prevention implement adapted for the probe, 
removably securing the contamination-prevention implement to the probe, wherein light is 
provided to the dental object through the implement, wherein hght received from the dental 
object is coupled to the color measurement system through the hole in the implement, wherein 
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the implement is adapted to prevent the probe from contacting the dental object and serves to 
reduce a risk of contamination, taking at least one optical characteristic measurement of a 
calibration standard with the implement removably secured to the probe, wherein the at least one 
optical characteristic measurement of the calibration standard serves to calibrate out possible 
distortion introduced by the implement, taking a plurality of optical characteristics measurements 
of the dental object with the color measurement system, defining an acceptance range for values 
resulting from the optical characteristics measurements, analyzing the stored data resulting from 
the plurality of optical characteristics measurements with the processor, wherein the processor 
produces measurement values from the stored data and analyzes whether the values resulting 
from the optical characteristics measurements are within the acceptance range and based on the 
analysis of whether the values resulting from the optical characteristics measurements are within 
the acceptance range, and based on the at least one optical characteristic measurement of a 
calibration standard, selectively generating output data representative of the optical 
characteristics of the dental object or rejecting the plurality of optical characteristics 
measurements. 

Applicant firrther notes that the dependent claims add further features and Umitations that 
further distinguish Applicant's invention from the cited references. 
No new matter has been added. 

If there are any questions regarding this amendment, Applicant's attomey requests an 
opportunity to discuss such questions with the Examiner by way of a telephone interview. It is 
submitted that the foregoing amendments should position the appUcation in condition for 
allowance, and such is respectfiiUy requested. 

Please charge any additional fees due, or credit any overpayment, to Deposit Account No. 



50-0251. 



Respectfully submitted, 




Alan R. Loudermilk 
Registration No. 32,788 
Attomey for Applicant(s) 



July 12, 2001 

10950 North Blaney Ave., Suite B 
Cupertino, CA 95014 
408-342-1866 
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